Pyrroloquinoline quinone-secreting probiotic Escherichia coli Nissle 1917 ameliorates ethanol-induced oxidative damage and hyperlipidemia in rats.
Chronic ethanol (EtOH) consumption is associated with oxidative tissue damage, decrease in antioxidant enzyme activities, and increase in hepatic and plasma lipids. This study investigates the effect of modified probiotic Escherichia coli Nissle 1917 (EcN) secreting pyrroloquinoline quinone (PQQ) against EtOH-induced metabolic disorder in rats. Male Charles Foster rats were gavaged with EtOH (5 g/kg body weight [acute study] and 3 g/kg body weight per day for 10 weeks [chronic study]). Pretreatment of PQQ, vitamin C, and PQQ-secreting EcN prevented acute EtOH-induced oxidative damage in rats reflected by reduced lipid peroxidation in blood and liver and increased hepatic reduced glutathione. However, PQQ given externally was found to be most effective against acute EtOH toxicity. In the chronic study, rats treated with PQQ-secreting EcN showed remarkable reduction in oxidative tissue damage (liver, colon, blood, and kidney) with significant increase in antioxidant enzyme activities as compared to only EtOH-treated rats. Additionally, these rats had significantly lowered hepatic and plasma lipid levels with concomitant reduction in mRNA expression of fatty acid synthase (0.5-fold) and increase in mRNA expression of acyl coenzyme A oxidase (2.4-fold) in hepatic tissue. Antioxidant and hyperlipidemic effects of PQQ-secreting EcN are correlated with increased colonic short chain fatty acids (SCFAs; i.e., acetate, propionate, and butyrate) levels, and PQQ concentration in fecal samples (2-fold) and liver (4-fold). Extracted PQQ and vitamin C were given once a week, but they did not exhibit any ameliorative effect against chronic EtOH toxicity. Accumulated PQQ in tissues prevents hepatic and systemic oxidative damage. PQQ along with SCFAs reduced hyperlipidemia, which can be correlated with changes in mRNA expression of hepatic lipid metabolizing genes. Our study suggests that endogenous generation of PQQ by EcN could be an effective strategy in preventing alcoholic liver disease.